What are they? DEAD-box proteins are required for a variety of metabolic processes involving RNA and are highly conserved within and amongst species from bacteria to mammals. Sequence databases contain hundreds of such DEAD-box proteins.
How are they identified? Originally, these proteins were identified by genetic approaches. Comparison of their amino acid sequences revealed a high degree of conservation of eight different motifs. They are present in a core region that is flanked by 5′ and 3′ external sequences of various length. The systematic sequencing of genomes, reverse genetics and genetic methods have revealed the widespread occurrence of DEAD-box proteins. As the sequence conservation is rather high, it is easy to identify them. But, due to the high degree of conservation of the DEAD-box proteins within the family, it is often difficult to assign orthologous sequences across species.
Do DEAD-box proteins have cousins?
Sequence variations, even within the so-called conserved motifs, have led to the naming of distinct families such as DEAD, DEAH and Dex-H. These families have been grouped into the superfamily II of RNA helicases.
What cellular processes require DEAD-box proteins? DEAD-box proteins and their relatives are required for most, if not all, fundamental processes involving RNA. Proteins of the Snf2p family are also involved in protein-DNA interactions, such as nucleosome rearrangements and transcriptional regulation.
Are they limited to cellular systems?
Many RNA and DNA viruses also carry one or several proteins of the DEAD-box and related families.
What are they supposed to do? It is generally believed that DEAD-box proteins are RNA helicases. Many DEAD-box proteins have been shown to be involved in processes involving dynamic rearrangements of large ribonucleoprotein (RNP) complexes, such as the spliceosome in mRNA maturation or the processosome in pre-rRNA processing. For these rearrangements to occur, RNA helicases use the energy from NTP hydrolysis to free new potential interaction sites. Thus, DEAD-box proteins can be viewed as molecular motors in the dynamic processes involving RNA molecules.
Have biochemical activities of these proteins been established? The majority of the DEAD-box proteins are awaiting a biochemical demonstration of their activity. Some members of the DEAD-box and related families show promiscuity in their nucleic acid substrates, i.e. they may function on RNA-RNA, RNA-DNA or DNA-DNA duplexes. Unfortunately, a convincing assay to monitor in vivo helicase activity is still missing. DEAD-box and related proteins may also be involved in nucleic acid-protein dissociation reactions, as has been shown for members of the Snf2p family.
Is there structural information on DEAD-box proteins? The crystal structures of the helicase domain of the hepatitis C virus NS3 DExH helicase and the yeast eIF4A DEAD-box protein have been established. Both display a highly conserved structure, indicating a similar mechanism of action. The RNA helicase structures have also been shown to be very similar to those of DNA helicases, such as the bacterial Rep and RecA proteins.
Why are there so many of these proteins? Although the substrate types of these proteins may appear similar, eukaryotic genomes contain a multitude of specialised RNA helicases. RNA helicases may show specificity to substrate sequences or structures. Once the strands dissociate they will be available for further reactions. This provides an efficient means for powering any dynamic process involving RNA. In addition to substrate specificity, it is generally believed that the aminoand carboxy-terminal extensions of the helicase motor are needed to direct these proteins to their cellular localisation or to functional complexes such as the spliceosome.
